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Abstract of JP2003064449 

PROBLEM TO BE SOLVED: To provide a heat-resisting low-alloy steel tube in which the occurrence of flaw is 
minimized and high-temperature strength is improved, and a manufacturing method therefor. SOLUTION: The 
heat-resisting low-alloy steel tube has a metallic structure composed essentially of bainite and also has a chemical 
composition consisting of prescribed amounts of C, Si, Mn, P, S, Cr, Ti, V, Nb, B, Al, Ca, N and either or both of 
Mo and W and the balance Fe with impurities, further containing, if necessary, either or both of Cu and Ni, and 
satisfying inequalities DF=TA-TB<=250 and EB>0 and further inequality 1<=(Ni/Cu)<5 (where TA, TB and EB are 
constants determined from the composition elements of the steel). This heat-resisting low-alloy steel tube can be 
manufactured by continuously casting molten steel with the above chemical composition, earring out tube making 
using the resultant cast billet as a stock, and then transforming the structure of the tube into bainite in a continuous 
heat treatment furnace. 
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(54) [fggH©^] KHftfflffi^»! i fffeJ:^-e»Siafc&^ 



(57) mm 

IM&^Wt] Efr£*tf>C, Si, Mn, P, S, Ci\ Ti s 
V, Nb, B, Al, Ca s N, ft fclK^Mojo £ZfW<D 5 *,© 

Ni CD 5 *> CO v fcfi^ ^SP^FelS * 

DF=Ta -Tb ^250 • • • • (a), 
1 ^ (Ni/Cu) < 5 ••••(<!) 

fc/cU T» , Tb fcitFEB l4fflc7)M^7E*^b^ 



Eb >0 (c) 



(2) 



1 



«*%T% C : 0.03-0. 10%, Si: 0.01- 

0. 7%, Mn : 0.01—1.5%, P : 0. 020%SkT. S : 0.008 
%EkT. Cr : 0. 5—2. 7%, Ti : 0. 005-0. 02%, V : 0. 0 
1—0.5%, Nb : 0.01— 0. 5%, B : 0. 0020— 0. 0100%, A 
1 : 0. 02%KT, Ca : 0. 005%£Jt~F*3«fctfN : 0. 0100%^ 
T\ fcfeWJIMo : 0.01- 1 %*3«fct*W : 0.01— 2%(D ? 

Wo 

DF=T A -Tb ^250 (a) 

E B > 0 (c) 

Ta =100000/(55. 25+2. 35C+0. 37Si+0. 16Mn+l. 01 P + 

1. 15 S+0. 04Cr+0. 12Mo+0. 01W) o 

Tb =100000/(60.06-4. 51 C+3. 84Si-0. 19Mn+0.98P + 

0. 25 S+l. 01Cr+0. 55Mo+l. 29W) 0 

Eb =B-{(ll/14)XN-(ll/48)XTi} 0 

r rr\ iMn&^o^mu^fem^^^ftz&Tt 20 

[lt#^2] R*%T% C : 0. 03-0. 10%, Si : 0. 01- 

0. 7%, Mn : 0. 01 — 1. 5%, P : 0. 020%^T. S : 0. 008 
%fi*T\ Cr : 0. 5—2. 7%, Ti : 0. 005—0. 02%, V : 0. 0 
1—0.5%, Nb : 0.01— 0.5%. B : 0. 0020— 0. 0100%, A 
1 : 0.02%£TF, Ca : 0. 005%^Tfc X tfN : 0.0100%!^ 
T\ 4 & tfKMo : 0. 01— 1 %& <tmV : 0. 01— 2%<D 5 
^llHl, $ b\CCu : 0. 01-0. 5%+o^lMi : 0.01 

«4M>fefc5, TK(a)5fcteJ;tJKc)5fc*«£U &JBffl 30 

DF=Ta -Tb ^250 (a) 

E b > 0 (c) 

fc«U 

Ta =100000/(55. 25+2. 35C+0. 37Si+0. 16Mn+l. 01 P + 

1. 15 S+0. 04Cr+0. 12Mo+0. 01W+0. 18Cu+0. 13Ni) e 

Tb =100000/(60. 06-4. 51 C+3. 84Si-0. 19Mn+0. 98 P + 

0. 25 S+l. 01Cr+0. 55Mo+l. 29W-1. 49Cu-l. 34Ni) c 

Eb =B-{(ll/14)XN-(ll/48)XTi} 0 40 

mnttm («*%) ^s*f5 0 

1(1**3 ] 5I*%T\ Cu : 0. 01-0. 5%:JoJ;T/Ni : 0. 0 

l-o. 5% Sri fcfc<£iri§£\ Tia(d) 

1 ^ (Ni/Cu) < 5 (d) 

[»** 4 ] «4%T\ C : 0. 03-0. 10%, Si : 0. 01- 
0.7%, Mn : 0. 3-1. 5%, P : 0. 015%J^~R S : 0. 005 
%WT> Cr : 0. 5—2%, Mo : 0. 01 — 1%, Ti : 0. 005—0. 
02%, V : 0. 01-0. 5%, Nb : 0. 01—0. 5%, B : 0. 0020 50 
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-0.0100%, Cu : 0.01—0.5%, Ni : 0.01—0.5%, Al : 

0. 01%£TF\ Ca : 0.005%JUT*3J:t>*N : 0. 0100%KAT 
£<a L , affiftSFett £ lPF#Mrt» 6 ft 5 x • TIE (b) 
*3±tf(c)S*W&U AJSWi^^^-f hiffOfi 

DF=T A -Tb ^180 (b) • 

Eb > 0 (c) 

1 ^ (Ni/Cu) < 5 (d) 

T a = 100000/ (55. 25+2. 35 C +0. 37Si+0. 16Mn+l. 01 P + 

1. 15 S+0. 04Cr+0. 12Mo+0. 18Cu+0. 13Ni) c 

Tb =100000/(60.06-4. 51 C+3. 84Si-0. 19Mn+0. 98P + 
0. 25 S+l. 01Cr+0. 55Mo-l. 49Cu-l. 34Ni) G 
Eb =B-{(ll/14)XN-(ll/48) XTi} 0 

*©**r* (»*%) £g*-r So 

^lOlSctn 2 &T^^Mt, :^^»ttT 

fct^jFrttasv^ftaii-aR, ^3iS^^5oo o c/h^ 

[If #5 6 ] ft*ll 3 ^flE«©ilfRffl<S-&&«'ff 
Mffcct, XtMKt^J: !9Br ffi® 1018cm 2 OT© 
Wtt&tfaHU rw»K-?r*Wi: LT*UB]-Cg?L*5.fct/ 

JftS-fiB, ftifl^^500~3000 o C/hii-5r iSr4# 

[ff*il7] att»iSfcJ;9 Wffia^l018cm 2 «Tc7?ffl 
^fflSrltfE^ioiScm 2 KTO^-^ 

>4=>fc0.99y±(-'£5*T-©WSr7K*^2S~300I> s> h 
[0 0 0 1] 

[0 0 0 2] 

[ftjfeogtflf] 400 lC«±Oi«WII«TrflUBS*i5B 
h$i ©Cr^S^ 9~12%(75i«Cr7i7'r hlH, £ 
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[0 0 0 3] rtLbro+T-t, ®Cr7x7^ h#3fi-j& 

^mffl^v 7 ^^7° 7 y h ft k*£t£<D%-m-X'wmmk 

LTfflv^tt^o 09jttf, r©£5ft{g^&Si|wtt*0iJ 
t LTIi, JIS G 3462^^^$ix5STBA22(lCr-0.5M 
o) , STBA23 (1. 25Cr-0. 5Mo) , STBA24 (2. 25Cr-lMo) tSi. Tf 
^C*S«S2p(caS$tl5 ASTBA21 (lCr-0. 3Mo) ft ¥tf 10 

[0004] ^nt,<D&£&m\c&\,^x, mmn±, 

i(crtJMI:W-Sr**5*:#4v\ 20 

[0 0 0 5] *r-e, fi^flionmuctrn 

^Tffc 0 B89fefcftRJJB LfcWaaMC03Sc#»s Site 

V. Nb, Tifcif&saraU Wiftftflrtfc^Ji{IS**r*fffl 
ttCioT^totbSo #H¥8-158022 

^£*©«it#ifaWEiteiiT^3. 30 

[0 0 0 6] 

[0007] te&&m<Dmff<ow&i** mx*-? 

(c i 5 m K © ifciSfcfiJHBW* <b § I # f£JB 1" 5 . 
[0008] r ©<£ 5 fc*fc^«MMfttt£?U8 ilftt 
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[0 0 0 9] r©<t eiftfflf^EWA&feSrBSltT-STc* 
ten, «cT§P^£igigfc5VM4/±SU »tfiSP© 

tf, if as, *fl*triii«»jfiLfc**o*^**©«p 

^icARI,- $|ii.frti];ix&;fi"LT^ftv^;i bfrtfrt U\ 
[0 0 10] *tf©*«i^tolc*£1-5*i'*-:j?n->5 1 

fllxff, #M¥8-332556-§-£:$8, #M2001-62550-5§-<&$8 
*5 <t l>"#rF^2856068-§-^# (C^ JnS^ftAifcSiJS, 

v^TB£<#ig;LTV'>fti,\ ) 
[ooii] *4^fcfclfe*ifcidH;h,«>fcv>aitf 

^R6***1-4»fr**>5. i©AtettJJW©»$K#c 

[0 0 12] *H%gB©ffijBtt< iSifi3£S©i^»ffftffl 
.te^&iBff fc «£ 5 *flMf&<E©S&±ft < »3frt5* 

[0 0 13] 

[«JS*«*i-4fc»©#a] *3BW#fcli» ST, MF 

[0 0 14] fifjSfcJ:9»*i-5^teH:. ^ffl^^SL 
fc*o*aBieKlfiw5JWttJ:!»*4i-S. MIS 

siB-f-s. 5 7i7-fh^7tii (a. Km -raiR 

[0 0 15] ^©M, 5 7i7^ b«i<75fe#^, 6 7 

5 0 ^n->5 1 ^ftif^^LftV^J;5Ki--5l-B, *tti 
RAtfSfcfcWfFm* (#H 2001-128947-§-) 

[0 0 16] 6 7i7^ 7^W^tJc75^1frS:ig-^ 

iaSHIr IK A {c* 5 fc «>{c, »H^HI t & 

^ Lfc*g>©SE1KjaaE3S)F*fUffl brio 
[0 0 17] Ell 14, ffiBfrb 5 7^7^ h-v <Dm&& 
t5 7x7^h!!)^^roIMiOSgi (DF) ^tS^; 



(4) 

5 

STb O^T^^bti^o DF=T A -Tb -C 

[0 0 18] J|MfWHibfc»^©TA i:T B te, «fc 

(»*%) Tfe5 0 10 
[0019] Ta -100000/(55. 25+2. 35C+0. 37Si+0. 1 
6Mn+l. 01 P+l. 15 S+0. 04Cr+0. 12Mo+0. 01W+0. 18Cu+0. 13 
Ni) 0 

Tb =100000/(60. 06-4. 51 C +3. 84Si-0. 19Mn+0. 98 P + 
0. 25S+1. 01Cr+0. 55Mo+l. 29W-1. 49Cu-l. 34Ni) 0 
[0 0 2 0] -t LT, DF3JS-J&Oftft=*:»fci-i:#, » 

[0 0 2 1] SfiKftSag^ »^ + ibU^affi* 

#*«*Brttfc5fcttl»>tfc— 20 

[0 0 2 2] ±BO^*JWr*-*»t*J1^T 
fc, *nD^T»«LfcllO**|z:aiB*39s»4-r5ri: 

5, rcu^^^j ) i:45:t^#Lt e se, 

[0 0 2 3] £fc]Efc, wOi5 4«ft»U 
±ft:coffiiKtft5ct 5 4»«a«r*i-ri *C!> 

[0 0 2 4] *»0Jtt, JbJftOfcJLfcfctfc^fcSo 
fcfctfrc*>9, *05tttTE (l) - (4) coBBffl 
fccttfTiE (5) - (7) oHflfflft^A 

[0 0 2 5] ( 1 ) ft*%T\ C : 0. 03-0. 10%, Si : 
0. 01—0. 7%, Mn : 0. 01 — 1. 5%, P : 0. 020%£tT\ 
S : 0. 008%»T, Cr : 0. 5-2. 7%, Ti : 0. 005-0. 02 
%, V : 0. 01-0. 5%, Nb : 0. 01—0. 5%, B : 0. 0020- 50 
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0.0100%, Al : 0.02%1^T, Ca : 0. 005%>WT& itf 
N : 0. 0100%^T, ft hm^tto : 0. 01- 1 %j3j:t*W : 

0. 01— 2%0 5^ia£i±*:**U 8&«B#Fe*3j;tf 

ft 9, TIB(a)aasJ:V(c)a;«:«au £s 

[0 0 2 6] DF=T A -Tb ^250 (a) 

Er > 0 (c) 

T A =100000/(55. 25+2. 35C+0. 37Si+0. 16Mn+l. 01 P + 

1. 15 S +0. 04Cr+0. 12Mo+0. 01W) 

Tb = 100000/(60. 06-4. 51 C+3.84Si-0. 19Mn+0. 98P + 

0. 25S+L 01Cr+0. 55Mo+l. 29W) 

Eb =B-{(11/14) XN-(ll/48) XTi} 

(«*%) §r«*i-^ 0 

[0 0 2 7] (2) C : 0.03-0.10%, Si : 

0. 01—0. 7%, Mn : 0. 01 — 1. 5%, P : 0. 020%JgJtT\ 
S : 0. 008%«T> Cr : 0. 5—2. 7%, Ti : 0. 005—0. 02 
%>, V : 0.01—0.5%, Nb : 0.01-0.5%), B : 0.0020— 
0.0100%, Al : 0.02%J^T, Ca : 0. 005%&LT;feJ: Xf 
N : 0.0100%ETF\ ftfetWOIo : 0. 01- 1 %*3j;tfW : 
0.01-2%<£> 5 ^HHh Zb^Cu : 0.01-0. 5%*3 
imi : 0.01M).5%©5fc©l*£t±fc<£:frU *«B 
« 5Fe33 i oqFttttA* b ft 9 , TIE (a) x«o J; (c) 5£«r« 



[0 0 2 8] DF-Ta -Tb ^250 (a) 

Eb >0 (c) 



T A =100000/(55. 25+2. 35C+0. 37Si+0. 16Mn+l. 01 P + 

1. 15 S+0. 04Cr+0. 12Mo+0. 01W+0. 18Cu+0. 13Ni) 

Tb =100000/(60. 06-4. 51 C +3. 84Si-0. 19Mn+0. 98P + 

0. 25S+1. 01Cr+0. 55Mo+l. 29W-1. 49Cu-l. 34Ni) 

Eb = B-{ (11/ 14) X N-(ll/ 48) XTi} 

matt* («*%) zm^-fz, 

[0 0 2 9] (3) WM%X\ Mo : 0. 01- 1 %i$£Xf 
W: 0.01-2%£ th TS5(d)«:WJBi-5± 
IS (2) KUBftoBKKffiffi^flff. 

[0 0 3 0] 1 ^ (Ni/Cu) < 5 ••••'-.((!) 

(4) WM%X\ C : 0.03-0. 10%, Si : 0. 01-0. 7 
%, Mn : 0. 3—1. 5%, P : 0. 015%«T, S : 0. 005%£X 

Cr : 0.5—2%, Mo : 0.01 — 1%, Ti : 0.005—0.02 
%, V : 0. 01—0. 5%, Nb : 0. 01-0. 5%, B : 0. 0020— 
0. 0100%, Cu : 0. 01—0. 5%, Ni : 0. 01—0. 5%, Al : 0. 
01%J^T\ Ca : 0.005%fi*T:fcJ:tW : 0. 0100%^T£ 

^FU a»3»Fe*5J:^««*^ft9, TB(b)i, 
(c)SS3j:t5(d)*S:»JBL, temmm^-f ~f-( h^ft 

[0 0 3 1 ] 
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DF=Ta -Tb ^180 (b) 

Eb >0 (c) 

1 S (Ni/Cu) < 5 (d) 

tztzU 

Ta =100000/(55.25+2. 35C+0. 37Si+0. 16Mn+1.01P + 

1. 15 S+0. 04Cr+0. 12Mo+0. 18Cu+0. 13Ni) 

T. =100000/(60. 06-4. 51 C+3.84Si-0. 19Mn+0.98P+ 

0. 25 S+l. 01Cr+0. 55Mo-l. 49Cu-l. 34Ni) 

Eb =B-{(ll/14)XN-(ll/48)XTi} 

[0 0 3 2] (5) ±12 (1) (3) *T?©V^ll 

MtiftfcJ: t)»rS^ 1018cm 2 #T<0fllK-«:fERU r© 

s^5oo c c/h^±^-r5iMffi^ii i ffro^*& 

[0033] (6) ±15 (4) ^IE«roW^ffiffi-a-&ffl 
fWMil^StfcoT, iSM«3£t£4 9*<rpii#1018cm 20 

d jSV NT#£P1- 5 §g, <$£P3$,g &500~3000'C/h 1 1" 5 

[0 0 3 4] (7) 9»rffi^i018cm ! fit 

TO«j7«:fWi"5IR, ^^»fffia^l0l8cm 2 KIT© 
KKftii*, *Wf t'frgSroHtS^aso. 1-0. 8Kft 
5ffi«a>b0. 99«±K<C5fit11*-CW|B]S:7k*««25~ 
300 y y fvU/min-m 2 -C3£ftJ^£p-f-5±|2 (5) £fcf4 30 

(6) £C*OiflKU5£ft&ffff0fi&&&. 

[0 0 3 5] 

f4 N 0iJ^.{i. JIS G 3462(C^.g$tt5STBA22 > STBA23, 
STBA24t5j:t>*rixferotgaffl, jJtfjftfiHfilpfcSljeSft 
*ikSTBA21iSj:Ut-t©ffiafKc^©<WAilS:fl^LT 

ML, ^©ftW&iiil^Mii^mco^T^^ 

ftPSSKifc^a. 40 
[0 0 3 6] 1 . ISIf ©ffc^l&ESc 

[0 0 3 7] C : 0. 03~0. 10% 

CfJNb, Ti, V/ii'tMXi^tteML, iSifi3£g 
£ttO.03%£Lk£i- 5 C C©£tf*ffO. 10%*r« 
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tfot, C-^^TSfiO. 03-0.10% 
[0 0 3 8] Si : 0. 01-0. 7% 

*»5Sib*fc*-f 5. rnfeoMii Si^ft^o. oi 

-a W*<75±PSI±0. 7 %t1"5 0 
[0 0 3 9] Mn : 0.01-1.5% 
Mnf±fB©«AtM4£rp]±£^ SH4£3&<l5£*5r.i:* 
<3ft£«rlR]±S-fr5S&*&#1-5. t^b©Sb*ttO. 01 
%£JUbTWfc*l, 0.3 %«±©^3-^#KHS : fCft5, J 

ri/SS$>5<OT% Mn-g-^i*c7)±PS(41. 5 %ii"5„ 
LVMOfiO. 3—1. 5%T'fc5. 
[0 04 0] P : 0. 020%J^T 

^Tl^O. 020 %£jg;i5 fc»»We«s*U<*< ft 5 
©T', P-bWAIIO.020 %^Tir1-?> (> &£U^©f40. 
015 %&T\ 4 L^©f40.010 %^TT'fc2)„ * 

*3s P^rfit4ffiimf4"ffiW5i'"£v\ 

[0 04 1] S : 0. 008%^T 

©T\ S^**{40.008 %J^Tti-5. #£LV»©f40. 
005 %J^T> 4 9£?£LV^©{40.003 %JJlTTfc5„ ft 
*s, P"a**>M&tfh.tf{&W5i'4v\ 

[0 04 2] Cr : 0. 5—2. 7% 
CrttB«fl2ttJS i tJWW S«*tt«rKd± $ * 5 

L*»U 2.7 %SrH*.5i:»8atXttaJfiTi-50 , r, 
Cr^fi©±PS!42. 7 ff* LV^±Ptl4 2 %"C 

[0 04 3] Ti : 0. 005-0. 02% 
Ti fcMo t RMKtcMXSttJMblfe Sr«f ffl S *5 fc**f W» 

rttfc©^)*li0.005 %w±©-g-^r*T#p5tL5#, 0. 
02%*ra?t5 iHMtaJfiTi-S^T, Ti^*(40. 005 
-0. 02%ti-5. 

[0 044] V : 0. 01-0. 5% 
V tMofciOTi t (^«(-MX^©M^-fk*5rWtti 
fc»*fWSftfl2fc**i-5. r <O$&*tt0. 01%J^±©-§-* 

0.5 %fcffljl5i:»tei9MST1-3© 
T\ V^fi{40. 01-0. 5 %k-TZ>o 

[0 0 4 5] Nb : 0. 01—0. 5% 
NbtMo, Ti*54lFV t^tcMXSO^fkfeSrffffl^ 

tt&X*mtbixZ1>K 0.5 %4rjH*.5iWttaseT-rs 
Nb-a*-*(40. 01-0. 5 %ti"5o 
[0 0 4 6] B : 0. 0020-0. 0100% 
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Btt«yUxttS:|Rl±S*5SSi*S:fl-i-5i: k fcfw, m» 
jX*©tt, B^4^0.0020%«±OitT-fc-5 o LA» 

^^■*©±PI(io. 0100% 1 

[ 0 0 4 7 ] Al : 0. 02%&tT 

001 %6l±tt5©^I4U\ La>U Al^SflJjg 10 

3We**fl2i-5©-C?Al««O±|Rtt0. 02%i1-a. » 
^L^(75i±0.01%«TT*fc5„ &*5, tuJELfcSi^Mn^ 
if <£ o TBM#+#KtTfrft»£-fc: (4, Al tt&T L fc 
8WWWR)nUe<T<t>J:V\, 
[0 04 8] Ca : 0. 005%^T 

lb©a*ii s +^^ff $*U?>©»4, Ca-g-^Tft^O. 0001% 
£JUb0)i*T**>*. U*»U, Ca^iiPJic^^-frSi:, 
^±#Pt * Hi* t> mgWf 5 3*tt©CaS^£4**# 
tWOU ^y-7TWti«*fllt-5©T?, Ca^W4©±|!S 
(40.005 %ii"5 0 
[0 04 9] N : 0. 0100%«T 
Nttil©ifcAixtt*rfe&i-55c*T?*>!J, N 

-£*4f40. 0100%£*TT*fc3 r t Ll/\ 
[0 0 5 0] Mo : 0. 01~ 1 % 

±$-*5sa*sr^r-*-5. :tiboa*iio. oi%y±©^ 
* h <o_tg-zm < jftft-tro-MrtttT* sari* 

ffi< U^Of. Mo-^r*©±PIf4 1 %t 

1-5. 

[ 0 0 5 1 ] W : 0. 01~ 2 % 40 
Wt4, ±IS©Mo tingle, HSJMfcfc**"*- 5i t fc 

©56*f40.01%£t±©^S-C#p5H5o — *\ WtiS 

w-ir^-*©±Pii4 2 % t r 5. 

[0 0 5 2] ftfc, MotWIi^T Lt^T'-a^T^-fr?, 
l/\ 50 
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[0 0 5 3] ^^©^©-oliifBWffcft^ttii 
fCft^Fe;6>b&£t>©T*fc3, #38H!©$^©fl&©— o 

[0 0 5 4] Cu : 0. 01~0. 5% 

ttSrfciRUtS**. rixt>©a*(4. o.oi%w±©-^r 
fiT*#fetl5„ Li»U 0.5 %£ig;L5i:, 

£>, ^ra-t5#£-©Cu-£WSfi0.01~0.5 °/oiUc„ 
[ 0 0 5 5 ] Ni : 0. 01~0. 5% 
Ni teutonic;*— ^-Jvf bffM5£«i LTfPffli"5 
irtt^, DFfc/h3<-*N5f1Ul*:*U gHJt£iI^»i£ 

*T'#btl5^, Nil4i^jffi^7C*T-fe5*^iiiPJ^^JD 

aSKta* h©±#&ffl<. -©£#, aajoi-5»g-© 

Ni^i:f40. 01-0. 5 % t Lfc, 
[0 0 5 6] «±T'(4, flHffc-£*r<**t5jS#H:oV<>T 

a:~(d)sc, Wfcws:, waaaitffc) 

H*UMr&fcv\, (a)3;~(d)S;fc:oV'>Ttt, fliW©»Ut 

[00 5 7] 2 . «*©«£&# 
#3&?H©Iffl&ffi<£-g'&«Hrf±, 

<¥Qz.ZZk&X*%ZfrbVhZ>o ^<Db%, mft (&• 
T\zts^Xtem)it^o^ki>3b%) (4, mfr+'btov 
Bffi^^O. 1—0. 8fcfc<5{fcllJ&»e>0. 99£t±m*5*-e© 
fflSr7k*^S25~300U j/ h/l-/min>m 2 T*3fiftO?&iPl-5 
©iSS»*LV\ J Er©aS(4^i-5i*Jl?T*&5 0 
[0 0 5 8] ElTTftt, **W©B«ftffltt*AiMP*ril 

WE^1018cm 2 &,T<omti (tW^t> ? 

[0 0 5 9] *»«-c, £ttlHfi£J:9*E>*i.SIIJi-a 
SfrS»l4l0l8cni 2 ^.TT'fo5 r t Sr^t1-5©t4, r 



(7) 

11 

3t*.5 r t ifi-v f 4 < 4 5 , ftttltife;WT:*.tt < ft -5 a> 
[0 0 6 0] tt>f<B»rffi^#fc»4#fcfWRfifcV\a J , X 

[0 0 6 11 JlSWKfiftiiJft^SrfKSLTfc, 10 

^C5»^Sfc5o »K-^»T®^ioi8cm 2 «TT'fc5 

[0 0 6 2] DF=Ta -Tb ^250 • • • • (a) 

Ta =100000/(55. 25+2. 35C+0. 37Si+0. 16Mn+l. 01 P + 

1. 15S+0. 04Cr+0. 12Mo+0. 01W), 4fcfi 20 

Ta =100000/(55. 25+2. 35C+0. 37Si+0. 16Mn+l. 01 P + 

1. 15S+0. 04Cr+0. 12Mo+0. 01W+0. 18Cu+0. 13Ni) 

Tb =100000/(60. 06-4. 51 C+3. 84Si-0. 19Mn+0. 98P + 

0. 25 S+l. 01Cr+0. 55Mo+l. 29W) , £fc{4 

Tb =100000/(60. 06-4. 51C+3. 84Si-0. 19Mn+0. 98P + 

0. 25 S +1. 01Cr+0. 55Mo+l. 29W-1. 49Cu-l. 34Ni) 

[0 0 6 3] DF#250 Zmz-Z>k, iuifiLfci Jin, 8 

[0 0 64] »WBtK:J:Oi|^«:(RKLfc!ltt, ^© 

5o -frro^, ±SE©±5»~DF&250 WTti-SwifCt 

dR/dt=X/p {(d 2 4,/dr 2 ) + (l/r) ( 

H : «tfT0?^»±(JAgh 

t : «B fe©Sigl*IBJ (sec), 

X : ftjtO^lglt^a/m-s-K), 40 
p : ffl<9^S (kg/m 3 ) , 

* :«Ur'aUCo«SMME(K), r^j',, (1/ 

A* )d 0 J , 
r : ¥1(111), 
6 : fltfT<Bia«(KK 
Qi : IWi-Ort»«^iia/ii* -sec). 
[00 6 9] H 2 f±, ±lB3S$iJ^SP©^B«%^i-|H 

2lig«yXVK 3f48«. 4(i«l», 5 ttmsXT 50 
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ft5„ 

[0 0 6 5] 8Jf»4, luiELfcipiC, -?:<0^^a5(D@ 
ffi^o. 1~0. 8^^5^8*^0.99^^^ 5 
^»K-*®t-i5tt57K*t;S/5 5 25~300 U y h/U/min- 

tMMWftJPf-B DF^250^Ti:b7trt fc©*BJWP 

Wt#J:!>-Ji»£LK:< <ft5 0 
[0 0 6 6] »*J^&fr5»£<0*#«:±K©.fc 5 

1rgX#ft*>im<OW&ft&}:&< ft 5 i£lcS?c§CDi& 
«ft Sr± f < -f*T ft < * o T «f> i?«©rt KkW & ft * ft 
ftv\ gfl4tt*0.8 Sra^S^S-C^J^SrW 

gfe#fc^Sft^ra*s^x-tftv\ ££>ic, Bfi^o. 

99*«Wfe«T§S*J^ai^^T1-5 t , f 4?WaS56*K 

*fi^^25!J y h/W/min-ra 2 *lf 
(4, SMWftSlbfcr t(CftbT, 300 y v f-^/minV 

£f.5fti:*©Fmas£C5 0 

[0 0 6 7] «Wt*ifrW©Bffi*i J iiK©*fcft3(£« 
*«>5i t*st?#5«, 1"ftip*>, TIB(e) S;T*^$^-5 

ffisf^O. 1~0. 8*5iOf0.99i:ft5 t ^WSig^ t til 

J: t) , H*B*#o. i~o. 8:fciiK).99i:ft5#:tt3r£i-5„ 
[0 0 6 8] 

3 <J»/3r)} + (Qi/p) ••••(e) 

(^Lt'U->h) , 8ttfyfD-/K 9fi§3»f h—f-V 

[0 0 7 0] ft*5, ±IEC03t©J^a^tTfc'ft^»-^H, 
DF(4180 J^Tti-5©^MSLV\ 
[0 0 7 1] »>tas(Sill^«t , *>5CuSr#<^tf»^ 

[0 0 7 2] Cu^s/^V^'li, CuW^S^O. 5 %£J( 

TT-$)^«®^(c:{4±Cftv>^ > CutittTia(d) 5£ 



mi 



■ • (d) 

1 ^ (Ni/C 



13 

[0 0 7 3] (Ni/Cu) < 5 

u)^fc1-^S^fe?, o (Ni/Cu) At <"T 

5it f±Cu^ y * -y^<D%^m^.\z.\m^-h^, 

Ni^*^ Cu ^*(0 5{f«±, -rfc;fc>*> (Ni/Cu) 2: 

5fcJ6tc(4, (Ni/Cu) < 5 LV\ 
[0 0 74] SfffftOMtftt^ £S®lj&*fi*Ffc if 10 

JMUWUcioTSft^-f^ b (±<BK 
M ■*#Hfr<4 , "*vr h (T^-f-t-f h) irvv? 

[0 0 7 5] «ttoajPrtT?tt, BfJB©iMCfcJPj|Mft«PL 

fcm, 500 0 C/hlU±W3S^T^Sl]1-5„ il^S^ifi 20 

© JLP£# is X ^ 3000<C/ hUS.-?1bZ>Z.kfrt>*:<D±m 
tt3000t;/h bi-5<Dt>W £ lv\ 

[0 0 7 6] 500 °C/hjy,±©^i()jg^l:-^Sp-f-5* 30 
£\ Tffi(c)S;S:«tfc1-ii^iej.St?*>5 0 

[0 0 7 7] Eb >0 (c) 

fcf£U 

Eb = B-{ (11/14) XN- (11/48) XTi} 
[0 0 7 8] B (*Env) li$i#yi©|gl©j&A*U::Itg 
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* {t'oLTBN fr»riM-5. t Ufc B HjfcAiU:: 
Ba^bBNt^SBfiSr^L5lv^t>coi:^5o — 

[0 0 7 9] Eb *SjE, i"/jtfot)iftAJh.tC#au!tB^il 
* f (-"a # L T v vlxtf, m J: 5 ffi A*x/i?5Ii2J Wrfc 

[0 0 8 0] +»fti*MTW*oaAKJiiiJIMM*LT± 

a$u\ »«■ tr»<«wf ©^f-j-w hroaou 

*moo%-Cfe5r t^»4LV\ ««r««tt*6*»C 

ftffHbfc»*iaaiBH (cct m) LT&^-rtui 

[0 0 8 1] 

immm) mmm 1 » * 1 fcSM-flswa***- 

(C^-fil* ©^#T*^^i9i~360mm©l l®|g©A f W 
[0 0 8 2] flsJSLfca.CVy Hi, ^©«J»Mffi£*f 

m s isfflf ciitKfig^^ u * 2 (c^-ra^ ©^ra©« 

SMfflWic-fctitffCo ftja, #?U±M(4?a^l200°C, » 
?Lib »?LBE3i*©*©«*/lfUy hft^) 2.5 Tfl 

[0 0 8 3] tt±»ffc«Sj|«PI*l4, JIS G 0582(C^S 
(AX|E<75S^ : N-12.5fcttU 

[0 0 8 4] 
[*1] 



Ik # )B it m^rfil 




c 


s; 


lln 


P 


S ! Cr 


Cu 


Ni | Mo 


W 


V 


Nb 


0. 06 


0. 25 


0. 69 


0. 008 


0. 002 1 t. 10 


0. 14 


0. 14 | 0. 47 


0. 05 


0. 10 


0. 05 





it 


¥ m 




cm** : ss%, sts* 


: Fefe <fc tf*fettl> 




Ti 


B 


Al 


N 


Ca 


T A | 


T a 


D F I EE » 


Ni/Cu 


0. 015 


0. 0033 


0. 006 


0. 


0041 


0.0027 


1793 I 


1622 


171 1 0.0035 


1,00 



[0 0 8 5] 



[*2] 
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# 


s* ^ * & # 


(%) 


tt-ttf 

(mm) 


oa SK m 
ta n lot mj 

rtF jB 4= m 
ift n 1 ^ 

(%) 


V 

(n/m i n) 


tf U V h 
(mra) 


5£ «l 33 


states 


|5 T fit ® 
4a '0 F . 


( 1 /mi n ■ m l ) 








i 


2. 60 


225 


0. 2 


>0. 99 


133 


0. 05 


193. 7 


12. 5 


0. 4 


2 


2. 50 


191 


0. 3 


>0. 99 


50 


0. 04 


50. e 


8. 0 


D. 3 


3 


2. 55 


191 


0. 25 


>0. 99 


120 


0. 03 


50. 6 


8. 0 


0. 1 


4 


2.40 


225 


0. 4 


>0. 99 


180 


0. 04 


193. 7 


12. 5 


0. 5 


5 


2. 70 


360 


0. 1 


>0.99 | 


250 


0. 06 


323. 9 


T7. 5 


0. 6 


6 


2. $0 


310 


0. 2 


>0. 99 


280 


0. 03 


273. 05 


21 . 5 


0. 2 


7 


2. 55 


191 


0. 25 


>0. 99 


TOO 


0. 04 


50. 8 


8. 0 


0. 3 


6 


2. 50 


225 


0. 3 j 


>0. 99 


1 50 


0. 03 


1 93. 7 


12. 5 


0. 2 




9 


2.00 


191 


*0. 97 


>0. 99 


170 


0. 10 


50. B 


8.0 


5 


10 


2.60 


191 


0.2 


* 0. 66 


300 


1. 00 


50. B 


8.0 


60 \ 


11 


2.55 


191 




.25 


>0. 99 


•400 


1. 20 


50. B 


8.0 




a) 


* f 















[0 0 8 6] ^2lC^-f-^^^^>!)^i 51-, #3§BJ 

x-mfet 5 mm n&ftx'ftm £ tnzttms* 1 ~ 8 <o 

%\?U-y Hi, ir>-^ — 7KD-i/x^<O^ffia*^0. 06 

[0 0 8 7] r*tfc»u aMHi^oiWjtfetfcjt^ili-f 

mmmto. io% t {&v > t co©, t^B^sfe^*^ 5 

lOCD^Lt'U'S' Mi, ty^-*"n->f^©MWs 
1. 00% t K < , ff ft ffi <D®m±m 1 60% t * L < ffi V \ 

Mi, irv* — ^n->-r-f <O^±Ba^ 5 l.20%t 
[0 0 8 8] «j||fe^J 2)02 (C^fflf ftMiSiE»3gil 



[0 0 8 9] SI Lfc3*L kf U-s/ Mi, 1 

aMfSJtKttMffcU ^50. 8mm, ftj?8. 0. mmWjjt @ IS 

J£|il200<C, V^-ftlOlfUy ht>»7LJt2.5 -CfrV\ §| 
[0090] £$&ffi0^0jttgftflrett, ^~ 

y-7i«frs«»ui' y-pw»t«u 550 

[0 0 9 1] 
[S3] 



SI i& * ft 


V 

(m/m i n) 


{mm) 


& ®J «r m 


cpfo F < 


» 7 




2. 55 


191 


0. 25 


>0. 99 


100 



[0 0 9 2] * % [£4] 





91 

No. 


& * « A (M\ 




%. : Fe£ cfc^^fiEtt) 


c 


Si 


Mn 


P 


s 


Cr 


Cu 


Ni 


Ho 


W 


V 


Nb 


« 


1 


0. 06 


0. 25 


0. 02 


0. 008 


0. 002 


1.10 


0, 02 


0. 14 


0.47 


0.O5 


0. 10 


0. 05 


2 


0. 09 


0. 02 


0. 71 


0. 01 0 


0. 003 


0. 61 


0. 25 


0. 28 


0. 75 


1. 02 


0.07 


0. 01 


3 


0. 07 


0. 20 


0. 90 


0. 01 1 


0. 005 


0. 90 


0. 24 


0. 30 


0. 61 




0. 10 


0. 04 


4 


0. 10 


0. 30 


1. 42 


0. 009 


0.001 


1. 25 


0. 21 


0. 32 


0. 30 


0. 84 


0. 10 


0. 02 


5 


0. 05 


0. 41 


1. 48 


0. 012 


0.004 


0. 82 


0. 41 


0. 43 


0. 70 


0. 77 


0. 35 


0. 42 


6 


0, 10 


0. 67 


1. 32 


0. 008 


0.003 


2. 03 


0. 31 


0. 35 




1. 68 


0. 1 3 


0. 05 


7 


0. 08 


0. 21 


0. 25 


0. 007 


0. 004 


2. 21 






0. 1 1 


1. 54 


0.22 


0. 04 


8 


0. 04 


0. 23 


0. 50 


0. 014 


0. 008 


1.12 


0. 16 


0. 19 


0. 31 




0. 01 


0. 05 


9 


0. 10 


0. 21 


0. 50 


0. 019 


0.002 


1. 21 


0. 14 


0. 15 


0.34 


1. 89 


0. 10 


0. 05 


10 


0. 10 


0. 22 


0. 21 


0. 005 


0. 001 


2. 40 






0. 06 


1. 46 


0. 23 


0. 03 


it 
m 
m 


11 


0. 06 


0. 50 


0. 60 


0. 010 


*0, 010 


1. 24 










* — 


* — 


12 


*0. 12 


0. 60 


0. 20 


0. 014 


0. 004 


2. 54 






0. 40 


1. 75 


0. 02 


0. 04 


13 


0. 05 


0. 30 


0. 80 


0. 01 1 


0. 006 


1.11 


0. 20 


0. 13 


0.30 




0. 01 


0. 03 


14 


0. 07 


0. 31 


0. 22 


0. 014 


0. 006 


1. 25 


0. 11 


0. 14 


0. 34 




0. 04 


0. 06 


15 


0. 05 


0. 10 


0. 80 


0. 015 


0. 006 


2. 24 






0.30 




0. 01 


0. 04 




r_ 







[0 0 9 3] 
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01 

No. 


ft * & * : : Fefe ktt*&&) 


•pi 


B 


A 1 
A 1 


VI 

N 


Ca 


T A 


T a 


U r 


t- D 


N i /Cu 


* 

« 


1 


n m it 

U. U I o 


n n/iiq 

U. UUOJ 


f\ /VAC 
U. Out) 


0. 0041 


0. 0027 


1796 


1613 


1 63 


0. 0042 


7 


2 


0. 013 


0. 0030 


0. 004 


0. 0070 


0. 0020 


1791 


1634 


1 57 


0. 0005 


1. 12 


3 


0, 005 


0.0040 


0. 003 


0. 0060 


0. 0032 


1790 


1 644 


146 


0. 0004 


1.25 


4 


0. 012 


0.0060 


0. 008 


0. 0098 


0. 0024 


1785 


1606 


179 


0. 0011 


1. 52 


5 


0. 008 


0.0080 


0. 007 


0. 0054 


0. 0009 


1784 


1609 


175 


0. 0056 


1. 05 


6 


0. 006 


0.0024 


0. 001 


0. 0041 


0. 0022 


1 780 


1533 


247 


0.0006 


1.13 


7 


0. 011 


0. 0040 


0. 001 


0. 0065 


O. 0050 


1795 


1545 


250 


0. 0014 




8 


0. 006 


0. 0042 


0.018 


0. 0070 


0. 0028 


1795 


1626 


169 


0. 0001 


1.19 


9 


0. 009 


0. 0025 


0. 006 


0. 0055 


0. 0019 


1791 


1568 


223 


0. 0002 


1. 07 


10 


0. 011 


0. 0042 


0. OOS 


0. 0063 


0. 0021 


1 794 


1544 


250 


0.0018 




it 


1 1 


* — 


*0. 0010 


*0. 022 


0. 0090 


O. 0017 


1 793 


1591 


202 


★-0.006 




12 


*0. 004 


0. 0021 


0. 005 


*0. 0120 


0. 0035 


1786 


1496 


*290 


*-0. 0064 




13 


0. 009 


0.0045 


0. 005 


*0. 0118 


0. 0034 


1793 


1622 


171 


*-0. 002 


0. 65 


14 


*0. 002 


0.0049 


0. 005 


0. 0071 


0. 0033 


1794 


1613 


181 


*-0. 0002 


1.27 


IS 


0. 006 


0.0035 


0. 005 


0. 0094 


0. 0035 


1 795 


1600 


195 


*-0. 0025 







[0094] **[3!6] 





a 

Na 




<%? 


CC/lir) 




* *) - 754ft 

(MPa) 


« 


1 


0. 02 


0. 3 


1000 


B 


179 


2 


0.03 


0. 2 


1000 


B 


184 


3 


0. 02 


0. 3 


1000 


B 


175 


4 


0. 03 


0. 4 


1000 


B 


191 


5 


0. 03 


0. 4 


1000 


B 


194 


6 


0.04 


0. 6 


1000 


B 


234 


7 


0. 05 


0. 7 


1000 


B 


222 


8 


0.02 


0. 4 


1000 


B 


181 


9 


0. 04 


0. 6 


1000 


B 


206 


10 


0.05 


0. 8 


1000 


B 


219 


tt 


11 


0.04 


0. 3 


1000 


F + P 


98 


12 












13 


0.02 


0. 3 


1000 


F + P 


101 


14 


003 


0. 3 


1000 


F + P 


102 


15 


0. 02 


0. 3 


1 000 


F + P 


99 




m&mmo <<->-<< hmmmm. 



[0 0 9 5] *6(C^-t"^*^b^5 i it^m. 
mo. l~10cDffig*ii i ffH > iry^-*Dv/f>fOl 

[0096] r^t^u ft*iarii*s*»w-rtRfti-5 

^i02MPaJUTt<SVo frfcs UNo. 12W3*L t'U s> h itl 3 

OTfeofCo 40 
[0 0 9 7] «Hi£0!l 3)>«7t$8 lC^{^jjSj&£- 

mmzm&A,X*±.i&(Om&tf250 mm, Tffi^iSg^lO 
mm, ^$^500 ramCDi$180 kgC7>h§H 



[0 0 9 8] 200/M^ ^=fy K0 5*k — V 

5— X<Djy=?y Hi, g&fflffiSi&ffi LT^190 mm?) 
Atv-yHafcS, HMOtttti&lcJ:!), ffffi?£gll50 
tT'^S50. 8mm, Slff8. 0 mm^B&Wf £ Lfc„ 
[0 0 9 9] &RBJt*"«W b±&<Dffll$ 

A LT975 °ClZ30ft1%ft Lfc^(Cl000 c C/B#ffiT'^1- 
tthLtmk, 720 TJfcll$rafiHS-*-58&6iU& 

[oioo] &Mm'&<DBBMm < gte, %<o&.mm&* 
K^mwrnx-mmLtzm, mmm 1 t 

i\ 55o°c, l^mn? v-y&mzm^tiv si±<d 

[0101] 
[*7] 



(11) 



19 
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31 

to. 


<b * *a * {U4 




■ as BE 
.7° i SL 


58 - F*»: 
pp ■ re< 




c 


Si 


Mn 


P 


s 


Cr 


Cu 


N 1 


Ho 


W 


V 


Mb 


« 


16 


0.09 


0.3 


0; 71 


0. 010 


0. 003 


0. 60 


0.25 


0.28 


0.75 




0.07 


0 01 


17 


0.07 


0. 2 


0. 90 


0. 01 1 


0.005 


0. 90 


0. 24 


0. 30 


0.61 




0. 10 


0. 04 


18 


0. 10 


0. 3 


1. 42 


0. 009 


0.001 


1. 25 


0. 21 


0. 32 


0.30 




0. 10 


0. 02 


19 


0. 05 


0. 41 


1 . 48 


0. 012 


0. 004 


0. 82 


0. 41 


0. 43 


0. 70 




0. 35 


0. 42 


20 


0. 10 


0. 67 


1. 32 


0. 008 


0. 003 


0. 55 


0. 24 


0. 25 


0. 54 




0. 13 


0. 05 


21 


0.08 


0. 24 


0. 74 


0. 009 


0. 004 


1. 80 


0. 20 


0. 22 


0. 05 




0. 1 1 


0. 06 


22 


0.04 


0. 23 


0. 50 


0. 014 


O.OOS 


1. 20 


0. 17 


0. 19 


0.31 
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